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COMPLETE SPECIFICATION 

Improvements in or relating to Structures to Facilitate Non- 

Destructive Testing Thereof 


I, Minister of Aviation, (formerly 
Minister of Supply), London, do hereby 
declare the invention, for which I pray 
pue 'ot oj pajiOEjS foem ttrared b ysqjl- 

5 the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

In the non-destructive testing of certain 
metal structures, for example aircraft, it is 
10 not possible, or is at least very difficult, to 
obtain access to various parts of the struc- 
ture, to apply thereto tie testing means for 
ascertaining, for instance, whether any cracks 
or certain other physical changes have taken 

15 place in the structure, and, in some cases, 
this necessitates the dismantling of some of 
its parts. 

According to the invention, during the 
manufacture of the structure, there is per- 

20 manently incorporated, each at a different part 
of this, a washer or gasket having a built- 
in coil, the coil of each of which washers 
or gaskets is permanently wired to a location 
which will be easy of access, to enable the 

25 impedance of the coil to be periodically 
measured at the said location, for the pur- 
pose of ascertaining whether any cracking; or 
other physical change has been produced in 
the part of the structure where this coil is 

30 incorporated. 

An initial measurement, based on the 
impedance of each coil to alternating current, 
is made at the location to which the coil 
is wired, and periodic measurements are 

35 made thereat and compared ( with the initial 
measurement. Thus, assuming the periodic 
check-up measurements are made at the same 
temperature as the initial measurement, 
should there be any substantial difference 

40 between a subsequent measurement ^ and the 
initial measurement, this would indicate the 
presence of a crack at the point of the struc- 
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ture where the coil is incorporated. This 
would be due to the -fact that any such crack 
would vary the eddy current or currents 45 
induced by the coil in the adjacent part of 
the structure with .the coil connected^ (through 
the permanent wiring leading to the said 
location, into one arm of an alternating cur- 
rent bridge, and this variation- in eddy cur- 50 
rent would effect a sensible change in the 
impedance of the coil. 

The impedance of selected pairs of the 
ooils may be initially measured (when boti 
coils are at ambient temperature) at the said 55 
location or locations, by indudiag tie coils 
of each pair one in* each side of an alternat- 
ing current bridge, so that the impedance of 
these coils (whilst they are again both at 
ambient temperature) can subsequently be 
measured in the same manner. By measur- 
ing the impedance of the pairs of coils in 
this manner, any differences between ambient 
temperatures at which the initial and subse- 
quent periodic measurements are made will 
cancel out between the opposite sides of the 
bridge. 

In the case of an aircraft component, crack- 
ing would normally occur only as a result 
of fatigue damage, mtercrystalKne or severe 
surface corrosion, or, of course, fracture of 
the component due to over stressing in 
service. 

In many cases the leads from the respec- 
tive coils may be connected 1 to sockets 
carried upon a single panel disposed at -tie 
aforesaid accessible position and having num- 
bers or other indications to denote the loca- 
tions of the said coils upon or within the 
structure. Any of the proprietary instru- 
ments which incorporate a suitable impedance 
bridge may be used to check the impedance 
values at regular intervals of time throughout 
the life of an aircraft or other structure. 
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Instead of using a pair of leads for each 
coil, one end of the coil may be connected 
to the metal structure so that this will act 
as one conductor, in which case only one 
lead need be used for each coil. 

The invention will now be described, by 
way of example, with reference to the accom- 
panying drawings, of which: — 

Figure 1 is a diagrammatic view showing 
a part of a structure having test coils and 
comprising two girder members bolted 
together; 

Figure 2 is a circuit diagram of means for 
testing pairs of the coils shown in Figure 1. 

The part of the structure shown in- Figure 
1 comprises a girder 1 and a girder 2 held 
together by bolts 3, beneath the heads of 
which bolts are disposed peripherally recessed 
washers 4 carrying coils 5, 6, 7, 8, 9, 10, 11 
20 and 12, respectively. 

The coil 5 is connected by leads 5 a , 5*, 
respectively, to terminals 13, 14, of a ter- 
minal board 15 of insulating material which 
would be installed at a point of easy access 
25 upon or in relation to the structure. The 
coil 6 is connected by leads 6% 6 b to ter- 
minals 16, 17, of the said terminal board. 
The remaining coils, 7 to 12, inclusive, would 
be connected in a similar manner to the 
30 respective pairs of terminals 18 and 19, 20 
and 21, 22 and 23, 24 and 25, 26 and 27, 
28 and 29, by conductors similar to the wires 
5 a , 5 b and 6 a , 6*, but which further con- 
ductors have, for the sake of clearness, been 
35 omitted. 

In Figure 2 is shown a form of portable 
measuring apparatus comprising a branch of a 
bridge having arms A.D. and CD., and a 
pair of headphones or other detector, indi- 
40 cated generally by 30, included in a central 
conductor extending from a point B to D. 
The arm CD. of the bridge comprises a 
resistor 31, and the arm A.D. of the bridge 
comprises a variable (resistor 32, the slider of 
45 which is indicated by 33. 

Connecting the extremities A and C, 
respectively, of branch A, D, C, of the bridge 
to terminals 34, 35, are conductors 36, 37, 
When the portable testing means is to be 


used, the terminals 34 and 35 can be con- 50 
nected to an audio-frequency generator (not 
shown). 

The apparent impedance of the coils can 
be measured in pairs. Thus, dealing with 
the coils in the pairs already mentioned, and 55 
commencing with the coils 5 and 6, the ter- 
minals 14 and 17 of the terminal panel 15 
would be connected together and to the point 
B of the testing means, and the terminals 
13 and 16 would be connected respectively 60 
to the points A and C of the testing means, 
so that these two coils would constitute the 
second arm of the bridge. The audio-fre- 
quency generator would then be brought into 
operation and the slider 33 of the variable 65 
resistor moved until a minimum or no signal 
would be heard in the headphones and die 
final setting of the slider recorded. The 
remaining pairs of coils would be tested in 
the same manner as the coils 5 and 6 and 70 
the final setting of the slider recorded for 
each pair. These measurements constitute 
the initial measurements based on the 
apparent impedance of the coils, against 
which will be compared measurements each 75 
time the aforesaid periodic tests are made. 

WHAT I CLAIM IS:— 

1. A metal structure in which is per- 
manently incorporated each at a different part 
thereof, during manufacture of the structure, 80 
a washer or gasket having a built-in coil, the 
coil of each of which washers or gaskets is 
permanendy wired to a location which will- 
fee easy of access, to enable the impedance 

of the coil to be periodically measured at 85 
the said location, for the purpose of ascertain- 
ing whether any cracking or other physical 
change has been produced in the part of the 
structure where this coil is incorporated. 

2. A metal structure with which are per- 90 
manently incorporated, during its manufac- 
ture, coils which are permanently wired to 

a location which will be easy of access, sub- 
stantially as described with reference to 
Figure 1 of the accompanying drawings, 95 
R. G. CHANNEN, 

Chartered Patent Agent, 

Agent for the Applicant. 


PROVISIONAL SPECIFICATION 

Improvements in or relating to Structures to Facilitate Non- 
Destructive Testing Thereof 

I, Minister of Supply, London, do here- place in the structure, and in some cases, - 

by declare this invention to be described in this necessitates the dismantling of some of 

the following statement: — ^ the parts of the structure. 

In the non-destructive testing of certain According to the invention there is or are 

100 metal structures, for example, of aircraft, it provided at die point or points of a metal 110 

is not possible, or is at least very difficult, to structure at which* periodic tests will have 

obtain access to various parts of ahe structure, to be made, a coil or coils of wire which are 

to apply thereto the testing means for ascer- electrically connected to a point or points 

taining, for instance, whether any cracks or which will be easy of access, in order that, 

105 certain other physical changes have taken when it is desired to make these tests, this 115 


mav be effected by passing an alternating In cases where a gasket cannot be used, 

current through the coil or each coil and any other suitable provision may be made, 

measuring the apparent impedance of die coil where necessary .for accommodating ox post- 

^ comparing this with-such impedance when tioning the cod which may, for example 45 

5 it was initially installed in the structure. include the formation of a small annular 

When it is desired to detect and measure enlargement at. the appropriate end ot me 

the development of cracks, the coil or coils is bolt hole or a recess around the bolt hole 

or are preferably positioned so that any crack but separate therefcom or around any other 

whS it is possible may form will vary to area about or wiimn the ^bourhood 50 

10 a maximiim degree the eddy current or cue- where the. test is to be made. The coil or 

rents induced by the coil and thereby effect each coil may be connected by. means of a 

a sensible change in the impedance of the printed circuit or insulated to to the 

coil Providine the conditions of test remam nearest accessible position within or adjacent 

sensiblv th<Tsame, any alteration in the the structure, as the case may be. In some 33 

15 impedance of the test coil will indicate some cases it may be possible to apply printed 

definite change in the homogeneity or in the circuit technique in the making , and apphea- 

surf ace continuity of the metal in its imme- tion of the coil or coils. It wiU, of course, 

date vicinity. In the case of an aircraft com- in most cases, be necessary first to apply 

oonent such a change would normally occur an insulating coating or layet to the part where 60 

20 od^ 7 result of fatigue damage, inter- the coil or each ^ - «f « 

crystalline or severe surface corrosion, or, of to the part over which the leads are to be 

course, fracture of die component due to printed. , . , . 

ovSessL in service. In many cases the leads from the respec- 

£ Parlance with the invention, there- tive coils may be connected to sockets earned 65 

25 fore, a small test coil may be cemented to upon a single panel and having numbers or 

me surface of a part of a structural member other indications to denote the locations of 

whichis to be Periodically tested and will said coils upon or within the structure. Any 

be difficult of access, and is permanently of the proprietary, mstruments which mcor- 

wired to a point which is readily accessible porate a suitable impedance bridge may be 70 

30 and from which it is possible to detect the used to check the impedance values at regular 

^aTcS or other deterioration. In the intervals of time throughout .the life _of an 

ca? for eSmpS of two structural members aircraft or other structure. Instead of usuig 

Xch ^e Wted together, fatigue cracks fre- a pair of leads for each col one end of the 

qSd «Ee a?±e boltToles. If the coil may be connected to the metal strucftire 75 

35 Sis on" which the use of a resin bonded so that the latter wiU act as one conducts, 

fibre or amilar gasket between me two in which case only one lead need be used 

structural members can be tolerated, the for each coil, 
invention may conveniently be carried into rWANNFN 
effect by building a coil into the ^J?* r^SS^t 
40 may be" effected, for mstance, after forming Cheered gj^jgj 

a suitable groove in or around th e gasket. Agent for the Applicant. 



15 


6 o o 
14 16 


o o o o 

23 25 27 29 


o o o o o 

20 22 24 26 28 


886,247 COMPLETE SPECIFICATION 

/ SHEET j nis d raW ing Is a reproduction of 
the Original on a reduced scale. 


FIG. 1. 



FIG. 2. 



